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GAS-TURBINE 
ENTHUSIAST 


Herspert RK. Hazarp 


“The gas turbine has revolutionized military air- 
craft, and soon commercial planes will be using the 
same types of power plants.” This is the opinion of 
Herbert R. Hazard, head of gas-turbine combustion 
research at Battelle. Furthermore, he is convinced 
that the gas turbine may become as important as 
the diesel engine in other power applications. 





On December 2, Herb served as chairman of a 
meeting of gas-turbine engineers who share his 
enthusiasm. The topic of the session was “Combustion in Gas Turbines”. It was 
held during the annual meeting of the American Society of Mechanical Engineers 
in New York City. Herb has been busy with Gas-Turbine Power Division 
activities as a member of the Gas-Turbine Combustion Committee and as an 
associate of the Executive Committee. He also arranged the Division’s program 
for the national meeting at Cincinnati last summer. 


Combustion is the key to much of Herb’s work at Battelle. His first assignment 
when he joined Battelle in 1945, was to develop combustion equipment for a 
coal-fired gas turbine. Since that first project, he has worked on a variety of prob 
lems involved in the burning of gaseous, liquid, and pulverized fuels, research 
on spark ignition, and development of special-purpose combustion equipment 
Most important of all, however, has been his research on jet and turboprop air 


craft engines. 


Herb’s preparation for this type of research began at Pennsylvania State Col 
lege, where he received a mechanical engineering degree in 1939. His first profes- 
sional job was with the Babcock and Wilcox Company as a research engineer, 
where his work was on large power-station boilers. He later joined the Bendix 
Aviation Company where he was engaged in instrumentation research. 


Herb’s activities have given him the reputation of doing the noisiest research 
at Battelle. But after the din of his lab, Herb enjoys the relative quiet of his home 
and children. His son and daughter make excellent, though sometimes impatient 


models for his hobby—color photography. 
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Careers in Industrial Research 


OW SUCCESSFUL this country will be in taking 
H advantage of the new opportunities that exist 

in research will depend, in large measure, on 
how well our research laboratories are manned. If 
future technical talent is available in adequate 
supply, our technologically based industry can 
surge forward to bring about a new era in human 
prosperity and accomplishment. But, if shortages 
of technical manpower should prevail, the oppor 
tunities that exist under our technologically vi 
talized enterprise system will be partially lost. 


Today the technical manpower situation is not 
as bright as it should be. Not enough high school 
graduates are being guided into university cur 
ricula leading to technical degrees. Of the tech 
nically trained men and women graduating from 
universities, too few have an appreciation of the 
professional and economic advantages that await 
them in research. 


Leaders in industry, education, and vocational 
guidance can do the country and its youths a service 
by encouraging students to look to science and en 
gineering for their careers. Probably in no other 
fields of endeavor today are the opportunities as 
great or the rewards as assured. Trained scientific 
personnel are needed for research, production, 
sales, administration, and teaching. A background 
in science is now one of the best preparations for 
entry into industrial management. 


Misconceptions, carried over from the depres 
sion of the thirties, are probably the major reason 
for the inadequate interest among youth in scien 
tific careers. Then we had more science graduates 
than jobs for them. But that day is gone. Industry 


is now largely technologically based—dependent 
upon technical manpower for its very existence. 
Chose industries arising from technology promise 
to be constantly expanding, and will need more 
and more engineers and scientists in the years 
ahead. Research, alone, is now a $3 billion busi 
ness—an operation ten times as great as it was in 
the late thirties. The more trained research work 
ers, technologists, and engineers we have in the 
future, the better the chance for the maintenance 
of an expanding economy with opportunities for 
all trades and professions. 

[here are many advantages in research today. 
Remuneration is high, both from the standpoint 
of monetary gain and personal satisfaction. The 
student who enters research, in effect, merely takes 
another step forward in his professional develop 
ment. Research provides an atmosphere appealing 
to the idealism of youth and offers infinite op 
portunity for the performance of lasting public 


les maximum eco 


services. Research also provic 
nomic security and permits the pursuit of a 
stabilized family life. Finally, people entering re 
search today have unparalleled opportunity for 
rising to top management positions in industry. 
Leaders in industry are being chosen more and 


more from the fields of research and technology. 


Many noteworthy efforts are being made by in 
dustrial leaders, technical societies, educators, voca 
tional counsellors, and others to reawaken the 
natural spirit of youth that leads it to seek its 
future in the unexplored, the unknown. To the 
extent that these efforts are successful, will depend 
the rate and degree of the country’s economi 
development and the prosperity of all its people. 


Chapate CO) tle ons 


Director, Battelle Memorial Institute 





Engineering and Atomic Energy 


by Eucene M. Simons 


The author has served on the engineering faculties of Carnegie Institute of Tech- 
nology, Marshall College, and the Virginia Polytechnic Institute. After joining 


Battelle in 1943, Dr. Simons carried on research in the field of mechanical en- 
gineering and design. More recently, he has specialized in nuclear engineering. 


NGINEERS CANNOT Claim any credit for the concept 
E of deriving energy from the atom. It was primarily 

a product of physicists and mathematicians. How- 
ever, there was a huge gap between the basic theory, 
supported by small-scale laboratory tests, and the 
fantastically powerful atomic bombs and the nuclear 
reactors of today. Engineers in ever-increasing num- 
bers have been working shoulder-to-shoulder with the 
physicists to help this gap and to develop new and 
more efficient ways of utilizing this new-found source 
of energy. 

As a result, a new field of engineering—nuclear en- 
gineering—is beginning to take its place among the 
more familiar engineering fields. Nuclear engineering 
can be defined as the art of applying nuclear trans- 
mutations of matter to useful purposes. This is truly a 
broad field, covering such subjects as particle ac- 
celerators, radioisotopes, atomic weapons, and nuclear 
reactors. Few nuclear engineers have been exposed 
to a university curriculum labeled “nuclear engineer- 
ing”. In fact, only a few schools, like North Carolina 
State and the Oak Ridge School of Reactor Tech- 
nology, offer such courses. Consequently, the nuclear 
engineers of today are largely men who have studied 
as they worked, to master enough nuclear physics, 
radiochemistry, etc., to enable them to apply their 
specialized engineering training to the diverse prob- 
lems of the atomic energy industry. 

Nuclear engineers are concerned with so many 
aspects of atomic energy that, even though this branch 
of engineering is in its infancy, specialization is in- 
evitable. Thus it is that we have nuclear engineers who 
are specialists in isotope separation, specialists in 
chemical processing, specialists in disposal of radio- 
active wastes, atomic bomb specialists, and many 
others. One such specialty, which is recruiting more 
and more engineers, is the field of reactor engineering. 
This has to do with the design, construction, and 
operation of nuclear reactors. 


A nuclear reactor is a device in which a self-sustain- 
ing nuclear chain reaction may take place. In principle, 
it is a simple device, since the only essential elements 
are a “critical” quantity of fissionable material and suit- 
able geometry. A sketch of the graphite-natural ura- 
nium reactor at Argonne National Laboratory, one of 
the first reactors ever built, is shown on page 3. The 
reactor contains a nuclear fuel so arranged that it will 
support and propagate a chain reaction. In addition, 
it has provisions for controlling the fission rate, remov- 
ing the energy, and protecting personnel from dan- 
gerous radiations. Let us consider the elements of a 
nuclear reactor and see what a vital role the nuclear 
engineer plays in making possible the controlled 
production of atomic energy. 


NuCLEAR FUELS 


The only practical nuclear fuel which occurs in 
nature is the isotope of uranium having an atomic 
mass of 235. Unfortunately, this isotope comprises only 
one part in 140 in natural uranium. This means that 
tons of uranium ore must be located, mined, and 
processed to obtain a few kilograms of U***. Thus, right 
from the start, engineers are called upon for advice on 
where and how to look for uranium ore with the best 
prospects of some return. They are employed to devise 
large-scale techniques for extracting the maximum 
amount of uranium from the ores at a reasonable cost. 
They are assigned the task of reducing the ores to 
metal or compounds having the phenomenal purity 
required for reactor use. Separation of the U**’ from 
U*" is accomplished in huge, gaseous-diffusion plants 
whose design, construction, and operation are demand- 
ing the best cooperative efforts of nuclear engineers 
with basic training in practically every field. 

If U*’ were the only practical nuclear fuel, the 
atomic energy program would be hampered by the 
steadily increasing cost and difficulty of processing of 
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lower and lower grade ores as the richer deposits were 
used up. Fortunately, two other nuclear fuels, neither 
of which occurs to any extent in nature, will maintain 


; 


a chain reaction. These are U* and plutonium-239, 


which are manufactured by neutron bombardment of 
the “fertile” isotopes, thorium-232 and uranium-238, 
respectively. To date, the only adequate source of 
neutrons for this purpose is a nuclear reactor. By in- 
corporating “fertile” material in carefully designed 
production reactors, it is possible to produce new fis- 
sionable material and at the same time release energy. 

In addition to the job of designing and constructing 
such reactors, the engineering tasks of developing feed 
materials and of extracting the excess fissionable ma- 
terial are overwhelming. It is a challenging assignment 
to devise a foolproof system for opening up a nuclear 
reactor, removing a mass of intensely radioactive ma- 
terial, and reprocessing this to obtain the last milligram 
of fissionable material, all by remote control. Yet, this 


sort of thing is all in the day’s work for nuclear en- 
gineers. 

Until our atomic energy program found it necessary 
to handle relatively large amounts of very pure ura- 
nium and thorium, these elements had been isolated 
in only small quantities and little was known of their 
technology. Engineers have steadily been advancing 
the basic knowledge about such materials. Nuclear 
engineers are using this information, as fast as it comes 
from the laboratories, to design new and better fuel 
elements and reprocessing equipment. 

Engineering design of the fuel elements for a 
particular reactor is full of complications beyond those 
encountered in conventional design work. The fission 
able material occupies a small percentage of the total 
reactor volume. This means that it must be dispersed 
in some diluent, in order to maintain criticality and to 
provide reasonably uniform heat generation. The 


diluent must be of some material which does not 





Sketch of graphite-natural uranium reactor at Argonne National Laboratory, revealing core structure, shield, control and 
safety mechanisms, and experimental facilities. (Drawing based on illustrations furnished through the 
courtesy of Argonne National Laboratory.) 
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readily capture neutrons, and at the same time with- 
stands the service conditions of stress, radiation, and 
corrosiveness. Of course, it must also be compatible 
with the fissionable material and have good heat-trans- 
fer properties. Since no “ideal” fuel-element material 
has been found, each design represents the best pos- 
sible compromise among nuclear, mechanical, and 
physical properties. To produce such a fuel element, 
the design engineers must be well versed in reactor 
physics, stress analysis, metallurgy, heat transfer, fluid 
mechanics, and shop practices. 


MOoOpDERATORS AND REFLECTORS 


Neutrons released from fission have considerable 
energy. Since the probability of a neutron’s being 
captured by a fissionable nucleus and producing an- 
other fission is greatest at low neutron energies, it is 
desirable to introduce a moderator to slow down the 
neutrons to the thermal energy range. A reactor in 
which this is done is called a “thermal” reactor. On 
the other hand, if the chain reaction is maintained 
by fast-neutron-induced fissions, the reactor is said to 
be “fast”. From its definition, it is obvious that a good 
moderator material must possess nuclear properties 
which enable it to slow down neutrons without captur- 
ing them. The best moderating elements are hydrogen 
and deuterium, followed by beryllium and carbon. 

To maintain a reasonable neutron flux near the peri- 
meter of a reactor core and to prevent excessive escape 
of neutrons across the boundaries, a _ reflector is 
frequently used. This is a blanket to material surround- 
ing the core, which causes a large fraction of the 
escaping neutrons to “bounce back” and again become 
available for producing fissions or breeding. Materials 
which are good moderators will also be good reflectors. 
In addition, there are a number of heavier reflector 
materials, which do not slow down neutrons, but will 
scatter them without absorbing too many. 

There are numerous engineering problems associated 
with moderators and reflectors. Difficult control prob- 
lems could stem from the use of water or heavy water 
at temperatures above the boiling point. This is be- 
cause the transient changes in density and heat transfer 
in a boiling moderator bath might produce large 
fluctuations in reactivity. Boiling can be avoided either 
by keeping temperatures low or pressure high. Low 
temperatures are feasible for production and research 
reactors. However, to achieve water temperatures 
which would give reasonable thermal efficiencies in a 
power cycle requires pressures of several thousand psi. 
While such pressures are rather common in conven- 
tional engineering practice, trying problems arise when 
one attempts to design safe, high-pressure closures 


which can be opened by remote control to enable the 
fuel to be removed for reprocessing. In addition, the 
presence of intense neutron and gamma fluxes in 
troduces difficult complications in instrumentation 
and problems of radiation damage to the water and 
structural materials. 

Engineering is playing a major role in the develop 
ment of materials for use as moderators and reflectors 
Prior to 1940, heavy water was imported by the liter 
trom Norway. Now, our engineers have devised tech- 
niques and facilities for turning out heavy water by 
the ton, at lower and lower cost. Pure beryllium metal 
which was a laboratory curiosity in the early °40’s, has 
been studied intensively. Diligent work by chemical, 
metallurgical, and mechanical engineers has shown us 
how to produce and fabricate beryllium metal com- 
ponents. Ceramic engineers have been doing similar 
things with dense oxides and carbides of beryllium. 
Graphite is now being produced on a very large scale 


with phenomenal purity. 


Reactor Conrro! 


The usual method of controlling the fission rate in 
a nuclear reactor is to control the number of neutrons 
available for fission. This can be done in several ways. 
One is by varying the neutron leakage through an in- 
crease or decrease in surface-to-volume ratio of the 
core. This may be accomplished by relative motion 
between the reflector and the core or between several 
sections of the reactor, or by changing the amount of 
moderator in the core. Another control method is to 
vary the amount of fissionable material in the pile. 
Such methods are better suited and often the only 
methods for controlling small, fast piles. Thermal 
reactors and low-energy intermediate reactors are 
usually more easily controlled by changing the amount 
of absorber present through the insertion or with- 
drawal of control rods. Such rods must contain some 
material, e.g., cadmium, boron, or certain rare earths. 
which has a strong tendency to capture neutrons. 

Reactors are generally equipped with three types of 
controls: (1) a coarse control for bringing the pile up 
to operating power, shutting it down, or making large 
changes in operating level; (2) a fine control for main 
taining a desired operating level; and (3) a quick 
acting safety control for emergency shutdowns. The 
design of mechanisms to actuate such controls is a 
challenging engineering problem. Generally, the mech 
anisms must sense the demand for a change, and re 
spond by moving rather large masses in very short 
order. Furthermore, they must operate with assured 
mechanical perfection. The number of materials for 
absorbing controls is limited by the requirement of a 
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a high neutron-capture probability. Rods must have 
adequate structural strength, resistance to radiation 
damage and corrosion, and good heat-transter prop- 
erties to permit satisfactory cooling. If the actuating 
devices are located outside the active core, the seals 


must be absolutely leak-proof. 


SHIELDING 


Nuclear reactors are usually surrounded by shields 
to attenuate hazardous neutron and gamma radiations 
to a safe level for personnel. Gamma rays are stopped 
most effectively by dense, heavy materials, while neu- 
trons require light atoms for rapid attenuation. Con- 
sequently, radiation shields are usually composite 
bodies, containing a heavy gamma-attenuating ma- 
terial, a light, neutron-moderating material, and a 
good neutron absorber. The general design of a shield 
depends upon the amount of weight that can be al- 
located to it. Paradoxically, for mobile reactors, where 
space and weight are at a premium, the best shield is 
composed of the heaviest materials, since the thickness 
can be. kept small. Lead, tungsten, tantalum, or iron, 
combined with boron or other moderating materials, 
are likely prospects for this application. In stationary 
piles, less expensive but bulkier shields can be used. 
Even ordinary water is a good shield if it is present in 
a thick enough layer. Concrete, particularly when iron 
shot or other heavy aggregates are introduced, has 
proved quite satisfactory. Hydrogenous materials, such 
as water or concrete, being excellent moderators, are 
fine shield constituents. However, as is the case with 
many other materials, neutron bombardment of hy- 
drogen releases “secondary” gamma rays, which must 
in turn be attenuated by additional gamma shielding. 

The real engineering job in connection with shield- 
ing is the physical design of the shield. Since the at- 
tenuation of energetic radiations results in consider- 
able heat release, facilities for cooling the shield must 
be designed. This task is complicated by the fact that 
the heat generation rate is much greater near the re- 
actor core than at the outer edges of the shield. Ducts 
for carrying the reactor coolant must be brought 
through the shield in such a way as to avoid excessive 
radiation leakage. This may be accomplished by pro- 
viding several sharp turns in the ducts inside the shield. 
Provision must be made for operating the controls 
through the shield. Also, removable plugs are gen- 
erally included in any shield design to permit access 
to the fuel for removal and reprocessing. Research and 
radioisotope-production reactors require a number of 
“test holes”, which are openings in the shield and re- 
actor core for the insertion of specimens to be ir- 


radiated. 


ENERGY REMOVAL 


To a first approximation, the amount of energy that 
may be released within a reactor and, hence, the 
amount of power produced, does not depend upon the 
size of the reactor as determined by nuclear considera- 
tions. Any amount of power from zero to millions of 
kilowatts may be derived from any size pile, provided 
this energy can be removed from it. It is interesting to 
note that the limitation on the power production is not 
a nuclear one. It is one that is dictated by the ability 
of reactor engineers to remove the desired amount of 
power from the small volume of reactor required for 
criticality. For example, the feasibility of nuclear- 
powered supersonic flight hinges strongly on the in- 
genuity of engineers in providing materials and de- 
signs for transferring enormous quantities of heat in 
the smallest possible space. 

There are a number of ways in which the heat result- 
ing from fission may be removed from a pile. The 
simplest way is to permit the heat to radiate outward 
from the fuel through the moderator, reflector, and 
shield. Since the surface-to-volume ratio of a pile is 
purposely kept small, it is obvious that not much 
energy can be dissipated in this manner, even from a 
very hot pile. Thus, piles cooled by radiation must be 
operated at very low power levels. 

Convective-heat transfer is considerably more ef- 
ficient than radiation for getting the heat out of re- 
actors. If a liquid moderator is used, it is possible to 
circulate the moderator. This method is actually being 
used in a number of water-moderated reactors. The 
water absorbs heat in the pile and is then passed 
through an external heat exchanger where it is cooled 
and pumped back into the pile. Similarly, by utilizing 
liquid fuel in the form of a compound, solution, or 
slurry, it is possible to extract the heat by circulating 
the fuel. 

Perhaps the simplest and most practical means of 
removing the heat by convection is by circulating a 
separate cooling medium through the reactor. This 
coolant could then discharge its heat outside the pile 
to a second medium, such as water for producing 
steam, or some gas for use in a gas turbine. Any fluid 
with the proper nuclear and physical properties can 
be used. Ordinary or heavy water can serve as the 
coolant for relatively low-temperature piles. Hydro- 
carbons and deuterocarbons are possible coolants, al- 
though the decomposition of such complex molecules 
under pile radiations could prove an insurmountable 
objection. For higher temperature service, molten met- 
als, molten salts, or gases can be used under the proper 
conditions. Liquid sodium, potassium, lead, bismuth, 
and eutectic mixtures of these are being studied. Since 
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most of these metals are solid at room temperature, 
special means must be provided to start up such 
systems and to keep the coolant molten at all times. 
Gaseous coolants have the disadvantage of requiring 
large circulating systems and large heat-transfer sur- 
faces. However, the inertness of gases like helium and 
the abundance and cheapness of air tend to com- 
pensate for their deficiencies. 

From this brief discussion of reactor cooling, it is 
apparent that the evolution of any workable system 
demands the highest engineering skills in the fields 
of heat transfer, fluid flow, stress analysis, metallurgy, 
corrosion, and mechanical design. A significant portion 
of the work is fairly conventional. For example, the 
external heat exchangers and power-generating equip- 
ment (in the case of nuclear power plants) can follow 
established design practices. The unique problems 
center around the reactor itself. A circulating coolant 
must pick up heat from the heart of the reactor and 
deliver it to the outside. Pumps must provide con- 
tinuous, trouble-free service. Failure to shaft seals or 


bearings cannot be tolerated, especially if the coolant 
is one which picks up radioactivity. 


ROLE OF ENGINEERING 


There is scarcely a branch of engineering which 
does not come into play in the many facets of atomic 
energy work. As we learn more and more about 
nuclear processes, the demand for engineering services 
to put this knowledge to use grows correspondingly. 
Already, “nuclear engineering” is approaching the 
status of mechanical, electrical, civil, chemical, metal- 
lurgical, industrial, agricultural, and other well-estab- 
lished fields of engineering. 

The atomic energy industry is dealing with new 
devices and new products. The demand for its products 
is growing by leaps and bounds. Advancement will 
continue at a pace set by the ability of the engineers 
to shorten the gap between the discovery of funda- 
mental knowledge and the putting of that knowledge 
to practical use. 


In nearly all matters the human mind has a strong tendency to 
judge in the light of its own experience, knowledge, and pre- 
judices rather than on the evidence presented. Thus new ideas 


are judged in the light of prevailing beliefs. If the ideas are too 


revolutionary, that is to say, if they depart too far from reigning 
theories and cannot be fitted into the current body of knowledge, 
they will not be acceptable. When discoveries are made before 


their time, they are almost certain to be ignored or meet with 


opposition which is too strong to overcome, so in most instances 


they may as well not have been made. Dr. Marjory Stephenson 


likens discoveries made in advance of their time to long salients 


in warfare by which a position may be captured. If, however, 


the main army is too far behind to give necessary support, the 


advance post is lost and has to be retaken at a later date-——W. I. 
B. Beveridge in The Art of Scientific Investigation 
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Revolution in Detergents 


by Maynarp M. BaLpwin 


Dr. Baldwin, who joined Battelle 1938, directs research in chemistry. While_his 
chief interest is in organic chemistry, he also works in the fields of catalysis, applica- 


tion research, and microbiology. The author served on the Organization Committee 
of the Society of Industrial Microbiologists which was formed in 1950. He was also 
chairman of the Society's Program Committee for its 1952 meeting. 


NTIL THE end of World War II, almost all clean- 
ing, in industries as well as homes, was done 
with soaps. But in the years since 1945, a new 
group of products, known as “synthetic detergents,” 
has emerged as a major factor in the cleaning field. 

Despite their long history as cleaning agents, 
scientists have never fully understood why soaps 
clean. Nevertheless, chemists, using unconventional 
materials, have been able to construct and synthesize 
soap-like products that have greater versatility than 
soaps made from natural fats and vegetable oils. In 
many cases, as in hard-water usage, the synthetics also 
have greater effectiveness. 

This knowledge has already brought more than a 
thousand different brands of synthetic detergents to 
the world. In the United States, at least, a vitual 
revolution in the consumption of detergents has been 
taking place. 

Consumption of synthetic detergents increased 
nearly twenty-four fold between 1940 and 1950, from 
70 million pounds to 1,600 million pounds. During 
this same period, consumption of all detergents (in- 
cluding ‘soaps and synthetic detergents) remained 
fairly constant at about 30 pounds per capita. The 
percentage of synthetic detergent consumption, about 
3 per cent in 1945, rose to 27 per cent by 1950. Accord- 
ing to some predictions, the total detergent market by 
1960 will be equally divided between synthetic deter- 
gents and conventional soaps. 

This outstanding achievement of the research chem- 
ist is part of the same activity that has brought us 
synthetic fibres, synthetic rubber, and plastics in 
recent years. 

The development of methods for producing chem- 
icals from petroleum afforded an opportunity to 
broaden the raw materials base for detergents. Pre- 
viously, the soap industry had been completely de- 
pendent on natural fats and vegetable oils. The in- 
dustry knew from experience that its supply of these 


raw materials was always jeopardized in times of war 
or other national emergency. In comparison, synthetic 
detergents now represent major uses for some chem- 
icals derived from petroleum, and the supplies of these 
are relatively stable. 

As a result of the saving of fat from soap manu- 
facture and its replacement by synthetic detergents, it 
is estimated that fifteen pounds of additional shorten- 
ing are potentially available annually for every Amer- 


ican family. 


PROPERTIES OF DETERGENTS 


The chemist knows that an effective cleansing agent 
must have three main properties. First, it must have 
wetting ability. That is, the cleaning agent must cause 
water to come into intimate contact with the dirt or 
contamination, and with the surface to be cleaned. 
Second, it must be able to separate the dirt or con- 
taminating particles from the surface. And, third, the 
cleansing agent must cause the dirt or contamination 
to be suspended in the water so that removed dirt will 
not be redeposited on the cleaned surface. 

With this fundamental knowledge, the chemist 
compounds his product with groups of chemical 
“building blocks,” or atoms. Although today most 
synthetic detergents are derived from products or by- 
products of the petroleum industry, such as ethylene 
and kerosene, the first one for general consumption was 
sodium laury! sulfate which is made from natural coco- 
nut oil. It is still important. 

There are many types of dirt and an endless variety 
of surfaces. The chemist’s selection of “building 
blocks” by type and quantity will, therefore, depend 
on the job the synthetic detergent has to do. It is this 
extraordinary freedom of selection that has made pos- 
sible so many different kinds of synthetic detergents. 

When synthetic detergents are mentioned, most of 
us think of their use for dishwashing, laundering. 
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shampooing, and other household tasks. Use of these 
detergents in industry, however, is probably far more 
extensive. 


DETERGENTS IN INDUSTRY 


The textile industry pioneered in the development 
of synthetic detergents for cleaning and other textile- 
processing operations. In most cases, laundering of 
dirty clothes requires a detergent that will remove and 
suspend dirt in which oil and grease are embedded. 
Textile scouring operations have always presented the 
reverse problem, that is, the dirt is generally suspended 
in the oil or fat. Removal of the oil or fat is the es- 
sential problem. Synthetic detergents have been made 
to meet this need. 

The Atomic Energy Commission’s Oak Ridge Labo- 
ratory has found some synthetic detergents particularly 
effective for the difficult job of removing radioactive 
particles from contaminated surfaces. Their experience 
suggests possibilities of using such products in all in- 
dustries where removal of harmful bacteria, as well as 
dirt, is essential. These industries would include milk 
plants, food handling and processing industries, phar- 
maceutical plants, and hospitals. 

Wherever there is a surface to be cleaned and 


washed, there is an existing or possible application for 
synthetic detergents. In car washing, these detergents 
are becoming popular, especially in hard-water areas, 
because they are less likely to leave streaks on the 
body. A future for their use in the washing of streets, 
sidewalks, and buildings is visualized .Application in 
lather shaving creams is under study. 

It must be realized that the conventional soaps will 
always have a place in our lives, and an important 
share of the detergent market. This is particularly true 
in soft-water areas where many metropolitan centers 
are located. Consumer preference for the foam of con- 
ventional soaps is still strong, although foam itself 
usually has little cleansing value. In many cases, manu- 
facturers of synthetic detergents have added a form- 
ing agent to satisfy the consumer. 

Synthetic detergents fill an essential need because 
they are versatile and may be made to fit particular 
cleaning and washing jobs. Recently, they have been 
found useful in fields other than cleaning. The 
versatility of synthetic detergents is further shown in 
their use as additions to feeds for animals and to 
fertilizers for plants with marked beneficial nutrition 
effects. Further expansion in their usage will continue 


as new demands arise. 


“The great reason for believing that America can raise out- 


put per man-hour at an increasing rate for at least a few more 


decades is the prospect that industrial reasearch will continue 


to grow rapidly for some time to come. There are several reasons 


for this prospect. One is that military demand for research will 


be large and compelling. Another is that industrial research is 


contagious and tends to spread itself because each concern that 


engages in it compels its competitors to engage in it also. Still 


another reason is that part of the gain in knowledge consists of 


improvements in methods of investigation which make new 


knowledge easier to acquire. Finally, research will be stimulated 


by the enormous stake that business now has in increasing re- 


placement demand.”—Summer H. Slichter 
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Notes From Battelle 


VANADIUM-—-PRODUCTION AND PROPERTIES 


High-purity vanadium is a soft metal of high duc- 
tility, with a relatively high modulus of elasticity. It is 
capable of being cold rolled with high reductions. Two 
processes have been developed tor the production ot 
relatively pure metal in some quantity—up to 100 
pounds per day. However, these processes require the 
use of either powder metallurgy or fusion techniques 
to consolidate the metal. These lead to contamination 
during processing. 

Technologists at Battelle recently prepared a quan- 
tity of exceptionally high-purity metal to be used for 
a fundamental study of the physical properties of 
vanadium. They used a modification of the convent 
ional de Boer process which was found to give a mas- 
sive deposit of vanadium of very high purity and low 
Vickers-hardness values. The metal produced by this 
method was found to have unusually high ductility. 

An analysis of the high-purity vanadium showed the 
following mechanical properties. After melting, it had 
a Vickers hardness of 70. This was increased to 120 by 
cold rolling with a reduction of 90 per cent. The me- 
chanical properties of the cold-rolled metal after an- 
nealing for one hour at 800 C are as follows: modulus 
of elasticity, 20,100,000 psi; proportional limit, 12,200 
psi; 0.1 per cent offset yield strength, 15,300 psi; 0.2 
per cent yield strength, 16,700 psi; ultimate strength 
31,600 psi; reduction in area, 75 per cent; and Vickers 
hardness, 64. 


CHEMICAL-RESISTANCE TEST-CELL 


{ test-cell ( pictured here ) for studying the chemical 
resistance of organic coatings on metal plates has been 
used successtully at Battelle for four years. The cell 
consists of a length of Pyrex glass tubing (about two 
inches in diameter and three inches long) held hori- 
zontally with a coated test panel clamped at each end. 
The ends of the tubing are ground flat, and gaskets 
of neoprene, polyethylene, and other materials( de- 
pending on the test) are used to obtain a liquid-tight 
cell. 

The cell is filled through a hole in the glass tubing 
which is sealed with a good grade of cork. A wooden 
frame holds two cells and has screw adjustments for 
tightening the entire assembly of panels, gaskets, and 
tubing. A sponge rubber pad is used to back up one 
test panel, thus evening out the pressure applied to 


the other panel. In use, the assembled cell is half filled 
with the test liquid and stoppered tightly. 





The organic-coating technologists who developed 
the test-cell report that it has these advantages: 
1. Flat or indented panels can be used. 


2. Edge effects are eliminated. 


w 


Coated panels are tested simultaneously in liquid, 
vapor, and at the liquid/vapor interface. 

1. The test may be run at any convenient tempera- 
ture. 


Results of tests made with this apparatus have 


Jt 


shown good correlation with results of actual 
service tests. 


6. The apparatus is simple to construct. 


PATENT ACT OF 1952 


The new Patent Act, which will go into effect 
January 1, 1953, is chiefly of interest to the members 
of the Patent Bar since most of the changes brought 
about by the act relate to patent procedure. However, 
there is at least one feature of the act that is important 
to inventors—the “new use” feature. 

Under the new statute, “process” now includes “a 
new use of a known process, machine, manufacture, 
composition of matter, or material.” Therefore, under 
the statute, these new uses or processes may be 


patented provided the conditions for patentability are 
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satisfied. Some members of the legal profession believe 
that the statements in the new act relating to “new 
use” are merely a statutory expression of existing case 
law as set forth by the courts. Others, however, be- 
lieve that Congress went beyond both the previous 
statutory law and the current court-made law. 

In any case, it is important that officials of organiza- 
tions owning existing patents and inventors who are 
about to file patent applications review all such papers 
critically to determine if they have failed to disclose 
possible uses. Under the new Patent Act, patent 
protection might be obtained for such inventive uses. 


AGING TITANIUM ALLOYS 


Recent research has established the fact that low- 
temperature aging is possible with certain titanium 
alloys. Appreciable hardening was found in binary 
titanium-manganese and titanium-chromium alloys at 
aging temperatures as low as 212°F. Indeed, the brief 
heating period necessary for mounting metallographic 
specimens in bakelite resulted in hardening. 

Battelle metallurgists have found that some harden- 
ing occurred in all alloys under certain conditions of 
prior heat treatment when they were reheated in boil- 
ing water. Hardness increases in water-quenched 
specimens averaged about 25 VHN. However, speci- 
mens cooled at lower rates (liquid-nitrogen quench or 
air cooled) exhibited hardness increases of over 100 
VHN in some cases. The alloys containing 5 to 8 per 
cent chromium, or 5, 6, and 8 per cent manganese, 
hardened considerably more than those of lower or 
higher alloy contents. The study, to date, has been 
applied to relatively few alloys. 


RATING ELECTRONIC COMPONENTS 


Many types of military equipment, guided missiles 
for example, call for electronic components that will 
operate under abnormal conditions and loads. Light- 
ness of weight is frequently another requirement. Most 
components now on the market were not rated with 
these requirements in mind. They are usually rated 
at temperatures and loads that will give life expect- 
ancies of 1000 hours or more. At the same time, it is 
obvious that these components may operate at higher 
loads and temperatures though with shorter lives. 

A. P. Jerencsik and W. T. Sackett, Jr., of the Battelle 
staff, have been developing a method of rating com- 
ponents to meet this need, which they call the stress- 
step method. They also directed research for the Ait 
Force on a project for testing the method which makes 
it possible to find the mean life of components. 

Briefly, the stress-step method reverses the depend- 
ent and independent variables as used in previous 


tests. Instead of measuring the time until a failure 
takes place at some set temperature or load, the stress- 
step method measures the temperature at which a 
component begins to fail in a given period. 

The test is started at a temperature where deteriora- 
tion is known to be unlikely. Then the temperature is 
stepped up in increments of say 10 C, and held for a 
specific period at each step. As long as the resistance 
remains constant after reaching a steady value, the 
component passes the test at that step. The changes in 
resistance from step to step can be considered the 
“temperature characteristic” of the component. De- 
terioration is shown by a progressive change in 
resistance after the temperature has become steady at 
a particular step. 

The temperature just before that of the step at which 
deterioration occurs is the maximum safe operating 
temperature for the period of time used as a factor in 
the test. The allowable deterioration may be from 2 
to 10 per cent, depending on what is required of the 
component. The preliminary testing program has 
shown the value of the method. 


NEW APPOINTMENTS 


Two ceramic technologists at Battelle have received 
new appointments. H. Zane Schofield, formerly super- 
visor of ceramic research, has been appointed a 
Consultant in ceramics. He will 
also engage in other over-all In 
stitute activities. Winston H. 
Duckworth, who has been Scho- 
field’s assistant, now assumes full 
supervisory responsibilities. 

A graduate of The Ohio State 
University, Schofield joined the 
Battelle staff as a research en- 
gineer in 1943. In addition to his 





H. Zane Schofield 


current work for ceramic in- 
dustry, Schofield has long been 
known for his research on ce 
ramic materials for jet engines 
and research for the Atomic 
Energy Commission. 
Duckworth, a member of the 
Battelle stall since 1946 is also 
a pioneer in the study of ceramic 


materials for various types of jet 





engines, having first entered this 








Winston H. Duckworth field while directing research at 
Wright-Patterson Air Force Base during wartime. He 
recently became a member of the Minerals and 
Metals Advisory Board, National Academy of Sciences- 


National Research Council. 


las 
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RECENT PAPERS AND ARTICLES 
BY THE RESEARCH STAFF* 





A Primer on Radioisotopes. G. D. Calkins and R. L. Belcher. Product En 
gineering, October, 1952. 


Alloy Tool Steels With Nitrogen. W. H. Kearns, H. B. Goodwin, D. C. 
Martin, and C. B. Voldrich. United States Atomic Energy Commis 
sion Publication BMI-703, September 1, 1951. 


Titanium Casting Research Tests Shell Molded Refractories. J. G. Kura. 
lron Age, October 30, 1952. 


Metallurgists Probe Causes of Stress Failure in Big-Inch Gas-Transmission 
Pipe. J. W. Lodge and G. K. Manning. Oil and Gas Journal, Novem 


ber 17, 1952. 


What Constituents Affect Machinability of Gray Irons. FE. A. Loria, F. W. 
Boulger, and H. L. Shaw. American Machinist, October 27, 1952. 


Corrosion of Alkaline Pulping Digestors: Analysis of Corrosion Question 
naires. R. S. Peoples and G. L. Ericson. Tappi, September, 1952. 


The Chemistry of Hydrazyl Free Radicals. I. Spectrophotometric Evidence 
on the Structure of 1, 1-Diphenyl-2-Picrylhydrazy] and 1, 1-Dipheny] 
2-Picryl-2-Oxyhydrazyl. R. H. Poirier, E. J. Kahler, and F. Ben 
ington. Journal of Organic Chemistry, November, 1952. 

Small Additions Raise Strength of Zirconium at Elevated Temperatures. 
\. D. Schwope and W. Chubb. Journal of Metals, November, 1952. 


Non-Destructive Testing: Quality With Fewer End-Product Failures. S. A. 
Wenk. Steel, October 13, 1952. 


Che Preparation of Low-Ash Coal. Adam L. Wesner and A. C. Richard 


) 


son. Mining Engineering, November, 1952. 


*In most cases, reprints will be available from the Battelle Publications 
Office upon request. 














A Word About Battelle Technical 
Review Abstracts 


The abstracts that appear in the following pages 
are prepared from approximately 950 American and 
foreign technical journals, as well as from books and 
other literature received in the Battelle Library. Pre- 
pared by a professional staff trained in various tech- 


nological fields, the abstracts are selected for their 
usefulness to the Battelle research staff. They are now 
being made available to technologists and scientists 
in industry and research in all parts of the world, 
through the pages of the Battelle Technical Review. 














CERAMIC LINER FOR A 
ROCKET NOZZLE 
Temperatures during tests on rocket 
nozzles may reach 4500 F while gases 
rush through the nozzle at 500 feet pel 
second Improvements made In ceramic 
nozzle materials since 1946 have ex- 


tended their life from 20 seconds to a 


point beyond the limit of available test 


ing facilities today. Further advances in 
ceramic liners may be expected through 
sound engineering and improve! vents in 


ceramic materials 








ATTELLE INSTITUTE was founded by the will 

of Gordon Battelle as a memorial to the Battelle 

family. The Battelles were among the first settlers 
of Ohio and were prominent in the development of 
the state's iron and steel industry. 


Gordon Battelle, last of the family line, was im- 
pressed with the benefits to be derived from industrial 
research and left his estate for the building and en- 
dowment of an Institute “for the purpose of education 
... the encouragement of research . . . and the making 
of discoveries and inventions for industry.” The Insti- 
tute began operations in 1929. 


As established, Battelle provides, on a not-for-profit 
basis, the physical plant, equipment, and personnel for 
conducting research. The great bulk of it is applied 
research conducted for industry and government. 


In keeping with its educational function, the Institute 
also conducts fundamental or basic research. Much of 
this research is financed from the Institute’s endow- 
ment, and the results are published for the general 
encouragement of science and industry, and to benefit 
the public welfare. 


Fields of research at Battelle include agriculture and 
practically all the industrial and engineering sciences. 
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